Objective: to analyze the influence of the perinatal, fetal or maternal pathological processes in the induction of intra or extrauterine death as a guideline to a better perinatal medical assistance.
Introduction
The perinatal period encompasses an interval that begins around the 20th week of intrauterine life and extends until the 28th postneonatal day. During this period, the child's organism goes through deep changes, especially at the moment of delivery, due to the enormous alteration in terms of the environment in which the child will now live. This is reflected in the various types of diseases that must be considered in this developmental stage, especially concerning the relationship between mother and child and the diseases that may be caused by an inadequate interaction between them.
Besides, it is important to keep in mind that the high number of stillborn infants is not taken into consideration when the health of a population is evaluated only in terms of its coefficient of infant mortality, which implies an evaluation that is restricted to infants born alive. Prenatal care may contribute significantly to the early detection of alterations in fetal development, not only reducing postdelivery problems (and therefore infant mortality), but also the number of intrauterine deaths. This underscores the importance of offering medical assistance to both the mother and the child as a major health measure, aiming to decrease global infant mortality.
However, in order to interfere with this process, it is necessary to know the main factors leading to fetal or neonatal death, so as to identify deaths that may be avoided by changes in medical assistance procedures.
Therefore, the aim of the present study was to provide perinatal and pediatric pathologists, as well as other professionals of related areas, such as pediatricians, neonatologists, obstetricians and epidemiologists, with data concerning the several disorders that affect the fetus in each developmental period. In addition to this analysis, our objective was to compare the factors leading to intrauterine death to those causing neonatal death, establishing a relation with the possible maternal diseases involved in this process.
Materials and Methods
We studied 5,837 consecutive necropsies performed in stillborns and newborns in the period between 1960 and 1995 at Hospital de Clínicas, Curitiba, Brazil. Following the definition of age groups adopted at the hospital, the reports were divided into stillborn infants, neonatal deaths, infants, preschool and school-age children.
For the purposes of the present study, only stillborn infants and neonatal or perinatal deaths were analyzed. Stillborn infants were defined as deaths occurring inside the uterus after more than 20 weeks of pregancy or when the fetus weighed more than 500 grams. Neonatal or perinatal deaths were defined as premature or term babies born alive but who died until the 28th day of life. Thus, a total of 4,002 cases were analyzed.
From 5,837 necropsies analyzed in this period, there were 1,935 stillborn infants and 2,067 neonatal deaths (68.6% of the studied population). Since this was a retrospective study based on review of necropsy reports, cases that did not present all the data considered as inclusion criteria were excluded. Thus, a total of 3,904 cases were studied, divided into 1,888 stillborn infants and 2,016 neonatal deaths.
All deaths occurred at the hospital in which the necropsies were performed. A medical team in the institution saw each child at least once. This guaranteed that the necropsy requests included the minimum clinical information necessary for the best possible diagnostic interpretation; thus, necropsy requests had to contain information regarding name, sex, age, clinic that referred the patient, date of hospitalization and death, and complete clinical history.
Complete necropsies were performed in every case with detailed external and internal examination and anthropometric measures. An internal examination was carried out with removal of the necropsy block. All organs and systems were dissected in detail, and samples for microscopical analysis were collected. A final anatomopathologic report was written for each case describing morphological aspects and correlating them with clinical data. Partial necropsies that did not allow a complete analysis of the processes that led to death were excluded.
All perinatal necropsy requests and all reports available from the Pathological Anatomy Service from 1960 to 1995 were investigated, and information such as sex, age, cause of death, underlying disease and other diagnoses directly related to the death process were compiled. The cases were initially classified into three groups, according to sex: masculine, feminine and intersex.
The gestational ages of stillborn infants and neonatal deaths were obtained based on echographic or chronological data from the necropsy requests compared with information about the weight of the body and vitals, and on other anthropometric measures that are part of the perinatal necroscopic examination. 1 In order to analyze the results, both stillborn infants and neonatal deaths were categorized according to gestational period following the classification used at the neonatal Intensive Care Unit (ICU) of the institution in which the work was carried, as shown in Table  1 . Cases in which the precise determination of gestational age was not possible were included in the indeterminate group.
The conditions related to the death process were classified into seven groups, according to their etiopathogenesis: (a) fetus-specific conditions were defined as those occurring during the gestational period, inherent to the fetus, and that led to death. The main example in this group are fetal malformations; (b) maternal conditions include maternal diseases occurring during pregnancy and that were directly or indirectly involved in the death process, such as pregnancyinduced hypertensive disease; (c) placentary disorders include placenta-specific alterations involved in the death process, such as placenta previa and velamentous insertion of the umbilical cord; (d) labor-related events were those occurring during delivery and causing death, such as dystocia (progression and position); (e) diseases of prematurity were those responsible for perinatal deaths, such as hyaline membrane disease and intracranial hemorrhage; (f) perinatal handling are those conditions that result from handling in the neonatal ICU, such as accidents with catheters and infections; (g) cases whose cause of death was not identified on necroscopic analysis were grouped as inconclusive. The conditions related to each group are detailed in Table 2 .
The chi-square (χ 2 ) test was used for statistical analysis of the results, with a 5% significance level.
Results
In terms of sex, a small predominance of males was observed in the neonatal death group (56% vs. 43.8% females). In the stillborn infant group, sex distribution seemed to be relatively homogeneous, with 50.6% males vs. 49.3% females. Four cases of intersex equally distributed in both groups were observed.
The distribution of deaths according to gestational age at birth is illustrated in Table 3 . The distribution of stillborn infants and neonatal deaths was not statistically different in the groups from 29 to 37 weeks and from 38 to 42 weeks. However, for the group with 24 weeks of pregnancy or less, there was a higher number of stillborn infant deaths in relation to neonatal deaths. In turn, a higher number of neonatal deaths was observed in the interval between 25 and 28 weeks and among those in the indeterminate gestational age group.
The analysis of factors related to the death process revealed that in several cases there were associations between different conditions, with the same fetus or newborn baby being affected, for example, by a concomitant maternal or labor-related condition, or even by other conditions leading to death. Thus, the total number of factors involved in fetal or neonatal deaths was higher than the number of studied cases.
Among the 1,888 stillborn infants, 2,553 deathassociated factors were described, distributed in five large * In some cases the gestational age was not precise; therefore a separate group of indeterminate gestational age was considered. Table 2 -Conditions related to the death process according to etiopathogeny* *(g) Inconclusive -despite the investigation, the cause of death was not identified.
groups, as described in Materials and Methods. In turm, among the 2,016 cases of neonatal deaths, there were 2,961 associated factors, distributed, however, in seven groups (Table 4) . It is interesting to note that in 53.9% of the stillborn infants, the death process was influenced by a maternal condition, whereas among neonatal deaths, only 30% of the deaths were associated with this type of condition. Similarly, placental alterations represented 35% of stillborn infants and only 13% of neonatal deaths. The stillborn infant group also presented a higher number of cases in which the main cause of death remained inconclusive. However, laborrelated facts and fetus-specific conditions had a stronger impact on neonatal deaths (42% of neonatal death cases).
Also, 20.8% of neonatal death cases presented some condition related to prematurity, and around 26% presented some pathology resulting from perinatal handling.
When stillborn infants and neonatal deaths are divided according to gestational period and correlated to the factors that led to death in each period, the distribution is rather homogeneous in the neonatal death group, as shown in Figure 1 . Only a small relative increase can be observed in the number of inconclusive cases in the neonatal death group at 24 weeks of pregnancy or less in relation to the other age groups. Figure 2 shows important differences between gestational ages in the neonatal death group in terms of the conditions involved in the deaths. A significant increase is observed in relation to fetus-specific factors in the last two pregnancy periods, especially in term neonatal deaths. Regarding maternal and placenta-related conditions, however, a decrease in the distribution of the relative number of cases in more advanced gestational ages is observed. Laborrelated complications, on the contrary, affected a higher percentage of term neonatal deaths in relation to other gestational ages. A progressive increase of deaths caused by perinatal handling is observed with the increase in gestational age, as well as a decline of prematurity-related causes in neonatal death of babies who were born closer to term (Table 5 ). Table 5 also shows the relative risk for intrauterine death when compared to the risk for extrauterine death in each gestational period, depending on the disease involved. Thus, with respect to fetal causes of death, a relative risk lower than 1 was observed in every gestational period, with rates varying from 0.7 to 0.4 during the gestation. When maternal causes of death were considered, there was a risk 32%. 2 This information demonstrates a deficiency in the care provided for mothers and infants, stressing the need for improvement in this sector of the basic health system. In developed countries, the situation is rather different. In the United States, for example, in the period between 1950 and 1991, neonatal mortality had an annual decrease of 3.4% on average, and postneonatal mortality, of 2.5%; the opposite situation is observed in developing countries. 3 In developed countries, these numbers are probably supported by adequate medical care to pregnant women and to newborn babies. In addition to neonatal deaths, intrauterine deaths are also of great importance as indicators of the quality of healthcare. Once again, it is worth underscoring the importance of prenatal exams to identify disorders that may interfere in fetal development and in its relationship with the maternal organism. These conditions must be known so that adequate measures to reduce fetal and maternal morbidity and mortality can be proposed.
Yet, during gestation, the identification of the factors involved in the fetal death process is not an easy task for physicians, since only the mother can be objectively assessed. Thus, necropsy studies are of great importance for the correct identification of these factors. Saller et al. 4 demonstrated that 55.3% of the conclusive necropsies performed during the perinatal period confirmed the clinical diagnosis, and that in the remaining 44.7%, the diagnosis was changed after necropsy, or other significant findings were added to the initial clinical diagnosis. Other studies report that the necropsy examination with no additional information is capable of identifying the cause of death in about 20% of the cases. [5] [6] Therefore, necropsy reports may be considered as an instrument to monitor the quality of the diagnostic procedure and of the clinical-surgical approach, since they are capable of identifying diagnostic and therapeutic errors, or even iatrogenic cases, especially in live births. of approximately 1.5 until the 37th week; the risk increased to 2 when near-term fetuses were analyzed. Among placental causes of death, the risk for intrauterine death was two times higher than the risk for extrauterine death until the 37th week of gestation, reaching 4.5 when the period which comprehends the end of fetal development is considered. In turn, labor-related causes of death showed a higher relative risk for neonatal deaths. The risk ratio of intrauterine death to extrauterine death was approximately 0.5 until the 37th week of gestation; after that, the risk ratio reached 1.
Discussion
Despite the decrease in infant mortality rates, it can be observed that the neonatal mortality component has not undergone many changes when compared to the high decrease of postneonatal infant mortality rates. In Curitiba, from 1992 to 1996, the neonatal mortality coefficient per 1,000 live births decreased only 10%. Nevertheless, the coefficient of postneonatal mortality dropped from 9.4 to 6.4 in the same period, which corresponds to a decrease of Historically, necropsies are largely employed in the description and identification of diseases and processes that cause death and in the understanding of the pathophysiologic mechanisms that have determined it. Even at this age, with the availability of several advanced diagnostic methods, necroscopic examinations are still very useful. 7 Epidemiologically, however, the applicability of necropsy studies for the evaluation of causes of death in a population has been questioned, since this method might present biases resulting from the fact that only hospital deaths would be included. However, studies by McFarlane et al. 8 suggest that this selection bias does affect the data in terms of the population receiving care in specific medical centers. Thus, necropsy studies reflect the most common causes of death within the population assisted by a health institution within a given period of time. At Hospital de Clínicas, Universidade Federal do Paraná, about 80% of stillborn infants and 44.5% of neonatal deaths are necropsied; these numbers represent a significant sample of the deaths occurring at this hospital and analyzed in this study. The fact that we were able to work with a significant sample is due, above all, to the fact that the mothers authorized the examinations in order to elucidate the cause of death and discard the possibility of having other affected children.
There are few works describing fetal causes of death based on necropsy reports, especially correlating them with clinical findings. In addition, different studies have employed different diagnostic criteria and classification of diseases, so that it is very difficult to establish a correlation with them. Another issue to be considered is the fact that these studies were carried out in different cities, regions and countries, based on different populations with diverse features, most of all affected by variable diseases depending on local health conditions. Therefore, we have chosen to perform a descriptive and observational study, assessing and discussing our results in relation to the population that receives care at Hospital de Clínicas, Universidade Federal do Paraná.
Thus, since this is a university hospital, it is important to keep in mind that these data reflect the medical care provided for less privileged populations from Curitiba and its metropolitan region. In addition, this hospital is a reference center for prenatal assistance to high risk pregnant women, that is, those presenting a predetermined morbid condition that will consequently affect the relation between mother and child. The analysis of the present results reveals that, in relation to sex, there was a prevalence of males in the neonatal death group; 56% were males. Regarding the stillborn infant group, the distribution was rather similar for males and females. However, when the stillborn infant group is compared to the neonatal death group, the number of male neonatal deaths was significantly higher than among stillborn infants (P=0.01). In order to analyze this information, it is important to remember that male preterm babies present a natural tendency to the development of prematurity diseases, mainly hyaline membrane, with a less favorable prognosis in terms of both morbidity and mortality in the neonatal period, [9] [10] observed in the present study.
Comparing the mortality among stillborn infants and neonatal deaths in each gestational period, it is possible to observe that although there is a significant difference in the 24 weeks of pregnancy or less period and in the 25 to 28 week period, in the other periods, the difference may be disregarded (Table 3) . Thus, these data suggest that the probability of intra or extrauterine death was the same for infants of gestational age from 28 weeks until term, independent of the clinical entity involved. In the present study, 76.1% of the neonatal deaths occurred in premature fetuses, that is, with less than 38 weeks of pregnancy. In another necropsy study, Zucoloto et al. 11 demonstrated that 68.7% of the neonatal deaths occurred in children weighing less than 2,500 g at birth as a result of either intrauterine malnutrition or prematurity. Despite the fact that we analyzed different populations, these data suggest that prematurity is more important as a risk factor for neonatal mortality than low weight at birth, since among the neonatal deaths the percentage of premature babies is higher than the percentage of low-weight children. Still, well controlled studies are required to corroborate this hypothesis.
The number of cases with indeterminate gestational age was significantly higher in the neonatal death group when compared to the stillborn infant group. This is due mainly to the difficulty in determining the gestational age at birth after some days of postnatal life, or even to clinical underreporting of gestational data when a newborn is evaluated. Also, it is important to keep in mind that this retrospective study covers several years, and that it was started at a time when echographic examinations were not routinely performed, and when gestational age remained often undetermined.
The data on fetal and neonatal causes of death available from the literature cannot be easily compared, since different studies are based on different protocols. In a prospective study about neonatal causes of death, it was observed that 81% of the deaths occurred due to asphyxia, hyaline membrane, infection and congenital malformations. 12 From all neonatal causes of death evaluated in this study (n = 2,961), 31.9% corresponded to prematurity diseases or to perinatal care, and 28.3% were caused by fetus-specific diseases, including congenital malformations. Thus, this information cannot be compared to an observed incidence of 10 to 15% for congenital malformations as the cause of death among newborns. 12, 13 When the incidence of conditions related to neonatal deaths and stillborn infants is compared (Table 4) , we observe that labor-specific diseases are more prevalent within the second group than within the first, the same happening to fetus-specific diseases. This suggests that dystocias (progression and position) and cephalopelvic disproportion, the main labor-specific diseases in the present study, do not cause intra-partum death. This means that children who face complications during labor tend to suffer from hypoxia, but they have good chances of being born alive; these children die during the early neonatal period as a consequence of acute fetal suffering. The same occurs in relation to malformations, the main fetus-specific disease in this study, which led to early neonatal death due to the child's inability of surviving outside the uterus. 9, 10 The opposite can be said regarding maternal and placental diseases, with which intrauterine death is more frequently associated than neonatal death, that is: hypertensive maternal states, hematogenic or ascending infections, and gestational diabetes, the main maternal diseases in this study, tend to cause more frequent intrauterine death if compared to neonatal deaths. 14 The cause of intrauterine death remains indeterminate in 15.7% of the cases in this study. This occurs because of several factors, such as maceration states that make macro and micro examinations difficult, preventing underlying diseases from being diagnosed; and presence of labor and maternal diseases, which leave no visible anatomopathologic lesion in the fetus or in the placenta. 10 Therefore, unless the mother receives good prenatal care, and unless an accurate clinicopathologic correlation may be done, the main diagnosis remains obscure. Even in a prospective study to analyze the causes of intrauterine death, the cause of death was unequivocally demonstrated in 57% of the cases; it was probable 20%; possible in 11%; and in 12% of the cases, the cause of death remained completely unexplained. 15 Unfortunately, in our context, there are many pregnant women who do not receive prenatal care, and who look for health centers only after intrauterine death of the fetus. Therefore, in many cases, the gestational history is not available, and the cause of death will not be identified due to the lack of important information. Thus, the number of inconclusive cases is much higher among stillborn infants when compared to neonatal deaths. In neonatal deaths, it is possible to identify alterations affecting the child after birth, even though possible primary intrauterine alterations remain unknown.
In addition to a global analysis, the detailed analysis according to age group has helped us understand the results.
It also enabled a more profound discussion about the groups of diseases that cause death in the different phases of intrauterine development, which could have a practical impact on the systematization of the diagnoses to be considered in each group.
When the stillborn infant group is analyzed separately, the distribution of diseases is rather similar (Figure 1) , regardless of the gestational period. In all gestational ages, fetal diseases were responsible for practically the same percentage of intrauterine deaths, that is, there is no special period in which these diseases are more prevalent (P=0.4873). The same happens with placental diseases (P=0.4084). Maternal diseases, however, were significantly less frequent among stillborn babies with 24 weeks of pregnancy or less (P=0.00055), since in this phase the impact of maternal diseases on the fetus is not as significant as in more advanced phases of the pregnancy. In the group of inconclusive causes, despite the higher percentage of stillborn infants with 24 weeks of pregnancy or less, the difference was not statistically significant (P=0.3128). This fact could be explained by the same reasons previously mentioned, since in the initial phases there would not be enough time for maternal diseases, or even placental diseases, to determine recognizable morphological alterations in the fetus or in the placenta, so that it would not be possible to obtain a diagnosis through necroscopic examination. [10] [11] [12] [13] [14] Besides, these are very small fetuses, who many times remain inside the uterus for long periods after death, presenting varied degrees of maceration.
The distribution of the pathology in groups according to the gestational period in which stillborn babies were born shows a very different pattern (Figure 2 ; P<0.0001). First, we observed that fetus-related conditions affect a much higher percentage of term neonatal deaths in relation to the other groups. This information shows that the higher incidence of fetal conditions involved in term neonatal deaths occurs mainly because of their inability to survive outside the uterus; however, in adequate intrauterine conditions, these babies stay alive until the end of gestation. In contrast, as the gestational age increases, there is a decrease in the prevalence of the maternal and placental causes among neonatal deaths. In fact, these causes may lead to death still in the intrauterine period, as suggested by the higher prevalence of maternal and placental diseases among stillborn infants. It is also possible that maternal and placental diseases may cause premature delivery and early neonatal death due to the presence of prematurity-specific diseases. The analysis of labor-related conditions reveals a significantly higher percentage of term neonatal deaths in relation to neonatal deaths with 24 weeks of pregnancy or less; it is important to consider that near-term fetuses are bigger and, therefore, more easily affected by dystocia complications in the birth canal. In relation to prematurity, we observed an already expected decrease of its incidence during fetal development. Yet, it is worth noting that we obtained results that were different than expected in relation to the practice of perinatal care. Premature newborns require intensive hospital care, and many times are more susceptible to infections than term newborns. Thus, a higher number of conditions related to perinatal handling would be expectable both among 24-week or less babies and among 25 to 28-week babies than among term neonatal deaths. In reality, however, we observed the opposite situation. In this case, the underreporting of these conditions in 24-week and 25 to 28-week babies should not be discarded, since prematurity itself could have been used as a diagnosis for these neonatal deaths, so that the iatrogenic disorders related to ICU handling would be relegated to a secondary degree of importance.
Despite the fact that neonatal deaths and stillborn infants are distributed in a relatively similar way according to the gestational age in which the death occurs (Table 3) , the diseases responsible for the deaths are different in the two groups, and the intra or extrauterine character of these deaths is just a consequence. This fact is very important for the prenatal evaluation; once the intrauterine disease is determined, it is possible to know if the probability is higher for intrauterine or postnatal death. Thus, a maternal hypertensive state presents a higher probability of causing intrauterine death, differently from fetal malformations, in which an adequate maternal support keeps the fetus alive, so that the death occurs after birth due to a fetus-specific organic and/or functional inability. Table 5 shows the relative risk for intrauterine death as compared to neonatal death, according to the disease that causes the death in the different gestational periods. Regarding fetal diseases, the risk for intrauterine death is smaller than the risk for neonatal death in all gestational ages. This means that the probability of a child with a fetalspecific disease being born alive is about twice as high as that of intrauterine death in the period between 29 to 42 weeks. Regarding maternal conditions, the relative risks are higher than 1, that is, the chance of a child dying still inside the uterus of a sick mother is higher than the probability of this child being born alive; the relative risk is twice as high in this situation when the child is near term. Therefore, it is important to identify maternal diseases prenatally and to provide adequate care for pregnant women in order to determine the need for treatment, whenever possible, or even for interrupting the pregnancy a little earlier, when the risk for intrauterine mortality is somewhat smaller. The same can be said regarding placental-specific diseases, which determine a probability of intrauterine death that may be 4.5 times higher among fetuses who reach term. However, when labor-specific conditions are considered, the relative risk for intrauterine death is again smaller than 1, indicating that delivery events generally lead to death during the neonatal period, with this probability being twice as high during pre-term periods.
Based on the analysis of the present results, we were able to observe the great importance of necropsy studies in the identification of diseases that affect a given population.
By comparing the moment of death with the clinical entities involved in the process of death, we observed that maternal and placental diseases are responsible for most intrauterine deaths, whereas fetal diseases and labor events determine a higher number of deaths after the birth.
The identification of the main diseases leading to fetal or neonatal death is of fundamental importance to guide the interventions that will be provided for pregnant women. Depending on the type of disease detected during gestation, and based on epidemiological data, we should try to identify the moments when each child faces the highest risk of death. Thus, we should aim at proposing adequate measures in the attempt to reduce maternal and fetal risk and also maternal, and especially fetal, mortality. 
